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ABSTRACT 
This paper presents a vision-based infant-monitoring system that adopts an infant 
behavior analysis approach to reduce infant injuries. In our study, the video camera 
is set above the crib to capture infant sequences. The system first preprocesses the 
input sequence to filter out the noise and reduce the effects of lights and shadows. 
Then, the infant’s head and limbs are detected from the input frames and compared 
with pre-defined posture maps to select the most similar map. A posture map 
describes the current infant posture; the selected posture map can be regarded as a 
node to be linked by the occurrence order to construct a dynamic behavior graph 
that describes infant behaviour captured over time. If an input posture map does not 
exist in the dynamic behavior graph, this means that an unexpected situation has 
occurred and the system would then alert the baby sitter to attend to the infant 
immediately. A weighted dynamic behavior graph adjustment algorithm is used to 
accomplish the behavior analysis. Since infants grow very quickly and their growth 
processes may differ, the dynamic behavior graph should be continuously updated 
to fit the current behavior of infants. The experimental results show that the 
proposed method is able to perform robustly in real-time. 
Keyword: Vision-based infant monitoring system, posture maps, dynamic behavior 
graphs, behavior analysis 
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33661. Introduction 
It is easy for infants to fall ill or be injured due to the negligence of baby 
sitters. Baby sitters, especially the tenderfoots, need to work under pressure to keep 
infants under close watch and out of danger. However, the average sleep time of an 
infant is very long (about 16 to 20 hours per day) and so it is unreasonable to 
request the baby sitters to monitor the infant all day long. Thus, this study develops 
a vision-based infant monitoring system to monitor the infants when they are left 
alone for a short time period and to ensure that they are safe.   
Many research works s (Bobick 2001; Juang 2009; Kirishima 2005; Kosta 
2008; Li 2007) have been proposed to detect or analyze human behavior. Kosta and 
Benoît (Kosta 2008) used the multilevel probabilistic finite state machine to analyze 
the movements of the human body limbs in order to detect and analyze simple 
actions such as walking and running. Bobick and Davis (Bobick 2001) utilized 
temporal templates to recognize human movement. Temporal templates are 
constructed using motion-energy images (MEIs) and motion-history images (MHIs) 
of the movement sequences, and matched with the stored instances of views of 
known actions for movement recognition. Juang et al. (Juang 2009) proposed a 
vision-based human body posture estimation method using body silhouette and skin 
color information. Body shape characteristics and skin color regions are used to 
locate significant body points and these points can be used to construct the structure 
of the human body to estimate the posture. 
Most of the above research focuses on detecting the postures or motions of the 
adults but not of infants. Some researchers have also applied their methods to home 
care applications. For example, Juang and Chang (Juang 2007) proposed a home 
care system that uses a neural fuzzy network method to classify human body 
postures. The system can detect the motion of a person falling down and then sitting 
on the floor. However, infants can only lie on the bed or the crib, they cannot walk, 
run, jump, or stand like adults and thus, their behaviors are very different from 
adults. This paper proposes a method to detect and analyze infant behavior for home 
care applications. In this paper, an infant refers to a baby whose age is between one 
to six months. 
In this study, the video camera is set above the crib to capture the video 
sequence for an infant. The video camera’s field of vision covers the whole body of 
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3368region, it means that the crib may be empty or the input frames are abnormal and 
the system would output the warning message. Otherwise, if skin color regions have 
been detected, then it means that the infant may be sleeping peacefully, i.e. the 
system identifies the infant by detecting the infant body and returns to the initial 
step. 
If the system detects any motion from the input sequence initially, we assume 
that the infant is lying in the crib and the system extracts the regions showing the 
infant’s head and limbs. The extracted regions will all be traced in the following 
frames, regardless of whether they are occluded or not. However, we assume that 
the system can detect the head and each limb of the infant successively at the 
beginning of the sequence. This means that the infant’s clothes cannot cover all the 
five skin color regions of the infant head and limbs and these five regions cannot 
occlude each other initially. This initial constraint may be resolved in future work. 
Following this, the system can locate the current posture and position of the 
infant by mapping the extracted skin color regions to the predefined posture maps. 
If the position of the infant is dangerous, then the system outputs the corresponding 
warning message. Otherwise, the system analyzes the infant’s current motion using 
a dynamic behavior graph, and decides whether the infant’s current motion is 
dangerous or not. If the infant’s current motion is considered dangerous, then the 
system again outputs the warning message. 
3. Preprocessing Stage 
The preprocessing stage includes two main steps, namely foreground 
extraction, and skin color detection. Figure 3 shows an example preprocessing stage 
in detail. Firstly, the system translates the input frames from the RGB model into 
the HSI color model. Let  B  and I  be the background image and the input 
image respectively. Then, the foreground image  F   can be obtained by 

 


  

otherwise                       1
| , , |   if                0
,
f T y x B y x I
y x F , 
where  f T  is  a  threshold.  
In the example shown in Figure 3, the system can obtain the foreground image 
F shown in Figure 3(b) if the background image B and the input frame I are as 
shown in Figure 3(a). The system then eliminates noise by morphological erosion, 
connects the foreground components by morphological dilation, and extracts the 
2011 e-CASE & e-Tech International Conference 
January 18-20, 2011, Toshi Center Hotel, Tokyo, Japan
3369larg
in F
colo
by t
are 
app
Figu
Figu
back
(c) T
inpu
skin
4.1 
vari
norm
head
othe
post
rela
circ
resp
posi
the 
gest foregrou
Figure 3(c). 
or regions in
the backgro
shown in 
lied to Fig
ure 3(e). 
(a)    
ure 3: An 
kground im
The upper o
ut frame (d)
n color regio
The Classe
In this stu
ious infant 
mal and com
d and limbs
ers. Some 
tures are sh
ative positio
cle with labe
pectively. S
itions of the
initial postu
und compon
Using the 
nside the la
ound. The sk
Figure 3(d
gure 3(d) to
        (
example  o
mage, and th
one shows t
) The skin c
ons after the
es of Infant
udy, we com
postures, in
mplete post
s have been
examples 
hown in Fig
on of the in
els R and L
imilarly, th
e left and ri
ure map sin
nent as the 
predefined 
rgest foregr
kin color re
d). Moreove
o obtain mo
(b )        
of the prep
he lower on
the largest fo
color region
e applicatio
4. Infant 
t Posture M
mprehensive
ncluding th
ture maps,
n identified.
of these p
gure 4. The 
nfant head r
 indicate th
he green no
ight legs, re
nce the initia
infant. The
skin color 
round comp
egions insid
er, the mor
ore comple
   ( c )    
processing 
ne is the inp
foreground c
ns of the lar
n of the mo
 Posture M
Maps 
ely define 2
hree main c
where all f
. These skin
posture map
yellow nod
region. The
he relative p
odes with la
espectively.
alization of 
e result is sh
range, the 
ponent to av
de the larges
rphological
ete skin col
      ( d )  
stage. (a) 
put frame (b
component,
rgest foregr
orphological
Mapping 
203 infant p
classes. The
five skin co
n color regi
ps and the
de label H in
 orange nod
positions of 
abels R and
 The first m
f the system
hown as the
system extr
void the noi
st foregroun
erosion an
lor regions 
         
The upper
b) The foreg
 and the low
round comp
l technique.
posture map
e first class
olor regions 
ons may be
eir correspo
n the map r
des having 
the left and
d L indicate
map in Figu
will be suc
e upper ima
racts the sk
ise introduc
nd compone
nd dilation 
as shown 
 
 (e) 
r one is t
ground ima
wer one is t
ponent (e)T
. 
ps to descri
s contains 
 of the infa
e occluded b
onding infa
represents t
a dotted li
d right hand
e the relati
ure 4 is call
ccessful wh
ge 
kin 
ed 
ent 
is 
in 
he 
ge 
he 
he 
be 
31 
ant 
by 
ant 
the 
ne 
ds, 
ve 
ed 
en 
2011 e-CASE & e-Tech International Conference 
January 18-20, 2011, Toshi Center Hotel, Tokyo, Japan
3370this 
Figu
post
Figu
clas
or m
The
Figu
infa
map
exam
show
the 
his/h
this 
4.2 
map is sele
ure 4: The 
ture maps a
ure 5: The s
ss of the infa
The secon
more skin c
ese skin colo
ure 5(b) sh
ant and the 
p.  
Figure
The third 
mples of th
wn in Figur
head than t
her head, a
class are se
Posture M
As mentio
ected.  
upper row
and the lowe
second class
fant posture 
nd class con
color region
or regions m
hows an exa
first map s
e 6: A few e
class conta
hese posture
re 6 shows 
the hands. T
and the othe
eldom exhib
Map Mappin
oned above
w shows a f
er row show
(a)      
s of infant p
maps and (b
ntains 137 n
ns of the in
may be occl
ample wher
shown in Fi
examples of
ains 35 abno
e maps are s
that the po
The third m
er three part
bited by infa
ng 
e, once a vid
few examp
ws their corr
         
posture map
(b) one corre
normal but i
nfant head a
luded by the
re the syste
igure 5 (a) 
f the third cl
ormal postu
shown in F
ositions of th
map indicate
ts occlude e
fants. 
deo sequenc
ples of the 
responding 
   ( b )  
ps. (a) A few
esponding i
incomplete 
and limbs h
e quilt or oth
em can only
becomes it
lass of infan
ure maps, w
Figure 6. Fo
he infant's l
es that the i
each other. 
ce is input 
 
first class 
input frame
 
w examples 
input frame.
posture ma
have not be
her objects.
y detect the
ts correspon
 
nt posture m
which rarely 
or example, 
legs are clo
infant's left 
In short, th
into the sys
of the infa
es. 
of the secon
. 
aps where o
een identifie
. For examp
e head of t
nding postu
maps. 
y occur. A fe
the first m
oser to that 
t leg occlud
he postures 
stem, the sk
ant 
nd 
ne 
ed. 
ple, 
he 
ure 
ew 
ap 
of 
des 
in 
kin 
2011 e-CASE & e-Tech International Conference 
January 18-20, 2011, Toshi Center Hotel, Tokyo, Japan
3371colo
infa
proc
corr
4. S
post
7. 
regi
syst
each
feat
regi
syst
feat
with
regi
the 
Her
or regions a
ant’s head an
cessed unti
rectly. Its co
Subsequentl
ture map fr
The cente
ions here. In
tem, its nea
h other and
ture values 
ions do not
tem retains 
ture values 
h each other
Figure 8 
ions extract
first row, an
re, we can o
are extracted
nd limbs ini
il the five 
orrespondin
y, the syste
rom each fra
Figure 7:
er position 
n Figure 7, 
arest region 
d their cent
of region R
t overlap o
the featur
of region R
r.  
shows an 
ted from the
nd they are
observe that 
d first and th
itially. The 
skin color
ng posture m
em tracks th
ame. The fl
 The flowch
and area of
once the fe
Rt-1 at time
er positions
Rt-1 will be 
or their cen
e values of
Rt are used 
example of
e frames at
overlapped
the regions
hese skin co
regions init
r regions h
map is the i
hese regions
lowchart of
hart depictin
f the region
atures of a 
e t-1 can be 
s and regio
 replaced b
nter position
f region Rt
to decide w
f region tra
time t-1 an
d and comp
s obtained fr
olor regions
tially identif
have been 
initial postu
s and select
f region trac
ng region tr
n are define
region Rt at
found. If th
on sizes are
by those of
ns are not 
t-1 in the da
whether or 
acking. In F
nd time t, re
pared to trac
from the fram
s can be ide
fied will be 
detected se
ure map sho
s the next c
cking is sho
 
racking. 
ed as the fe
t time t are 
hese two reg
e close enou
f region R t. 
close enou
atabase. Co
not the reg
Figure 8, th
espectively, 
ce the skin c
me at time t
entified as t
 continuous
eparately an
own in Figu
correspondin
own in Figu
eatures of t
input into t
gions overl
ugh, then t
If these tw
ugh, then t
onversely,  t
gions occlu
he skin col
are shown 
color region
t-1 are show
he 
sly 
nd 
ure 
ng 
ure 
he 
he 
ap 
he 
wo 
he 
he 
de 
lor 
in 
ns. 
wn 
2011 e-CASE & e-Tech International Conference 
January 18-20, 2011, Toshi Center Hotel, Tokyo, Japan
3372in o
resp
succ
dep
righ
regi
time
pres
used
4.3 
beh
As m
show
by 
Figu
fram
divi
segm
betw
the 
orange, and
pectively. I
cessfully an
icted in the
ht leg regio
ions at time
e  t. In suc
served in th
d to select a
Infant Hea
The postu
avior, and i
mentioned i
wn as the u
applying th
ure 10(a) sh
mes 400(gre
Let the ce
ides the con
ment is 4.5
ween the ce
segments. 
The minim
d the region
n this exa
nd the featu
e left image
ons of the i
e t-1 would 
h a case, t
he database,
a suitable po
Figu
ad Position 
ure map is
n addition, 
in Section 3
upper image
he Sobel fil
hows three 
een), 405(bl
enter of the
ntour into 80
5 degrees. F
enter of the
 
mum distan
ns obtained 
ample, the 
ure values o
e at the bot
infant are m
not be able
the feature 
 while the f
osture map.
ure 8: An ex
Location 
s the first s
information
3, the system
e in Figure 3
lter on the 
contours o
lue) and 410
e largest for
0 segments 
Following t
e largest for
nce in a segm
from the f
right hand
of the regio
ttom in Fig
merged at t
e to find th
values of 
feature valu
xample of re
 
source of i
n regarding
m can extrac
3(c). The co
image of 
of different 
0(red). 
reground co
counterclo
this, the sy
reground co
ment is def
frame at tim
d region o
ons will be 
gure 8. How
time t, the 
he suitable c
these regio
ues of these 
egion trackin
information
the infant h
ct the larges
ontour of th
the largest 
frames in 
omponent b
ckwise by e
ystem then 
omponent a
fined as the 
me t are sh
f the infan
updated in 
wever, since
feature va
correspondi
ons at time
regions at t
ng. 
used to an
head positio
st foregroun
e infant can
foreground
one sequen
e the origin
equal angles
calculates 
nd the cont
segment di
hown in blu
nt is track
the databas
e the left an
alues of the
ing regions 
e  t-1 will 
time t will 
analyze infa
on is require
nd compone
n be extract
d componen
nce, includin
n. The syste
s, where ea
the distanc
tour pixels 
istance. The
ue, 
ked 
se, 
nd 
ese 
at 
be 
be 
ant 
ed. 
ent, 
ed 
nt. 
ng 
em 
ach 
ces 
in 
ese 
2011 e-CASE & e-Tech International Conference 
January 18-20, 2011, Toshi Center Hotel, Tokyo, Japan
3373dist
segm
or s
his/h
they
cont
arcs
The
infa
cont
and 
(b) 
infa
prob
prob
and 
ances are s
ment distan
(a
Figure 1
The dyna
safe behavio
her own dy
y also have
tains nodes
s between t
e weight as
ant changes 
F
Figure 11
tains two no
four links. 
respectively
ant changes 
bability tha
bability tha
the transit
shown in Fi
nce is define
a)        
10: An exam
5
amic behavi
or exhibited
ynamic beha
e different o
 and weight
the nodes in
ssociated w
his/her pos
Figure 11: A
1 shows a si
odes, whose
The corres
y. In this ex
his/her po
at the infan
at the infant
ion probabi
igure 10(b)
ed as the pos
0
20
40
60
80
147 1 0 1 3
          
mple of infa
. The Dyna
ior graphs in
d by the in
avior graph
orders of m
ted arcs. Ea
ndicate a pa
ith a link i
ture from o
(a) 
An example
imple exam
e correspon
ponding ma
xample, we 
sture from 
nt stays at
changes hi
ility that th
distance
. The conto
sition of the
16 19 22 25 28 31
Frame 400
     (b) 
ant head pos
amic Behav
n the datab
nfant. We be
 because in
motion beha
ach node co
ath that the
indicates tr
ne posture t
       ( b
e of the dyn
mple of the d
nding maps 
aps of the n
 can observ
map 31 to 
t map 31 
is/her postu
he infant wo
our segmen
e head. 
34 37 40 43 46 49
Frame 405
sition decisi
vior Graph
ase are used
elieve that 
nfants grow 
avior. The d
orresponds t
e infant can
ransition pro
to another.
 
b) 
amic behav
dynamic beh
are map 31
nodes are sh
ve the trans
map 3 is 0
is 0.875. S
ure from ma
ould stay a
t that has t
525 55 86 16 46 77
Frame 410
ion/identific
d to represe
each infant
up at differ
dynamic be
o a posture 
n change his
obabilities, 
vior graph.   
havior grap
 and map 3
hown in Fig
ition probab
0.125, and 
Similarly,  t
ap 3 to map
at map 31 is
the maximu
707 37 67 9
 
cation. 
ent dangero
t should ha
rent rates an
ehavior grap
map, and t
s/her postur
whereby t
 
ph. This grap
3 respective
gure 11(a) an
bility that t
the transitio
the transitio
p 31 is 0.16
s 0.833. Th
Seg. no. 
um 
ous 
ve 
nd 
ph 
he 
re. 
the 
ph 
ly, 
nd 
he 
on 
on 
67, 
his 
2011 e-CASE & e-Tech International Conference 
January 18-20, 2011, Toshi Center Hotel, Tokyo, Japan
3374dynamic behavior graph indicates that the infant usually stays at the same posture. 
Given an input sequence which includes t frames, f1, f2, f3,…, ft, let wt(n, n’) be 
the transition probabilities from nodes n to n’, and 
t
nn N ' indicate the occurring 
times until frame t during which the infant changes his/her posture from maps n to 
n’. The transition probabilities can be initialized using the following equation:   


 t
m
t
nm
t
nn
t
N
N
n n w
1
' ) ' , (  
Suppose the corresponding map of the frame at time t is map mt whose 
corresponding node is n, and the corresponding map of the frame at time t+1 is map 
mt+1 whose corresponding node is n’, the transition probabilities from node n to 
node n’ will be increased and updated by the following function: 





 t
m
t
nm
t
nn
t
N
N
n n w
1
'
1
1
1
) ' , (
 
On the other hand, the transition probabilities from node n to node n” (where 
" ' n n  ) should be decreased and updated using the following function: 




 t
m
t
nm
t
nn
t
N
N
n n w
1
"
1
1
) " , (
 
We believe the transition probabilities will become stable when the length of 
the input sequences is sufficiently long. 
6. Infant Behavior Analysis 
The flowchart of infant behavior analysis is shown in Figure 12. Firstly, a 
current dynamic behavior graph of the infant is stored in the behavior database. 
Once a current posture map is input into the system, the system will search for the 
current map in the dynamic behavior graph within the database. 
If the search is unsuccessful, it means that the current posture has never 
occurred before and the warning message will be output. If the search is successful, 
then the system will update the weight of the link between the previous posture map 
and the current map, and calculate the danger level of the current behavior. If the 
current infant behavior is dangerous, then the system outputs the warning message, 
else, the updated weights are stored in the behavior database. It should be noted that 
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